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RESEARCH MEMORANDUM

A WIND-TUNNEL INVESTIGATION AT HIGH SUBSONIC SPEEDS OF
THE LATERAI, CONTROI. CHARACTERISTICS OF VARIOUS PLAIN
SPOTLER CONFIGURATIONS ON A 3-PERCENT-THICK
60° DELTA WING

By Harleth G. Wiley
SUMMARY

An investligabion was made in the Langley high-speed T- by 10-foot
tunnel to determine the lateral control characteristics at high subsonic
speeds of various plain spoiler configurations on & thin 60° delta wing.
Investigated were the effects of spoiler projection, span, and spanwise
end chordwise location. The delts wing had an NACA 65A003 sirfoil
parellel to free stream, a leading-edge sweep of 60°, and an ‘aspect
ratio, based on the theoretical tip span, of 2.31. Tests were made at
0° angle of sideslip through sn asngle-of-attack range of -20 to aboub
24° and over s Mach number range of 0.60 to 0.94. Spoiler deflections
investigated were -1.0 to ~9.5 percent mean serodynsmic chord.

Anglysis of rolling-moment results indicated that favorable rolling
moments can be obtained up to an angle of attack of 24° for a plain
spoiler extending from the fuselage to 67 percent local-wing semispan
and loceted at or behind the 85-percent wing-root-chord station. For
spollers located in a region of favorable spoiler effectiveness, the
rolling moment produced lncreased with rearward movement of chordwise
position, increase of spoiler span, and increase of projection. Partisl-
span spollers, when loceted outboard on the wing, provided greater incre-
mentel rolling moment gt low angles of atback than when located at
inboard or midspan positions, but, gt the higher angles of attack, the
reverse was true. The varistion of rolling moment with Mach number was
minor but was somewhat dependent upon chordwise location of the spoiler.

TNTRODUCTION

The present investigation is a continuation of a program conducted
by the National Advisory Committee for Aeronautics to determine the
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applicability of spoilers as lateral.-control devices on thin delta wings
(refs. 1 and 2). The present investigation was made in the Langley high-
speed T7- by 10-foot tunnel to determine the lateral control character-
istlics at high subsonic speeds of various plain spoiler configurations

on a thin 60° delta wing with rounded tips. The investigation covered
the effects of spoller projection, span, ahd of various spoller wing-
span and wing-chord locations. Spoiler proJections tested varied from
-1.0 to -9.5 percent wing mean aerodynemic chord. Teste were made at

0° angle of sideslip through a nominal angle-of-attack range of -2° to
240 gnd . over.a Mach number range of 0.60 to 0.9%.

COEFFICIENTS AND SYMBOLS

The -results of the tests are presented as standard NACA coefficilents
of forces and moments sbout the sbability axes as presented in figure 1.
All coefficients and constants are based on the comsideration that the
wing extends to the theoretical tip (fig. 2) Coefficients and symbols
used herein are defined as follows: T

cr, 1ift céefficlent, ILift/qS | R

Cp drag coefficient, Drag/qS .

Cm pitching-moment coefficient aboﬁ; 0.253; Pitchiﬁg moment/qSE
Cy rolling-moment coefficlent, Rolling moment/qu

Cn yawing-moment coefficient,  Yawling moment/qu

Cy lateral-force coefficient, Lateral force/qS -
ACy, incrementsal 1ift coefficient (CL of wing with spoliler lesg

Cr, of wing alone)

ACp incremental drag coefficlent (Cp -of wing with spoller less
Cp of wing alone)

ACy, incremental pitching-moment coefficient (Cp of wing with
spoller less Cp of wing alone)

ACy incremental rolling-moment coeffiéient (Cl of wing with
spoiler less C3; of wing alone) L
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ACq

incrementsal yawing-moment coefficient (Cn of wing with
spoiler less Cp of wing alone)

incremental lateral-force coefficient (Cy of wing with
spoller less Cy of wing alone)

wing area, sq £t
wing span, £t

local wing span, £t
local wing chord, ft

wing-root chord, 1.974 £t

mean serodynemic chord of wing,

b/2
f c2dy, £t

0

mir

spanwise distence normal to plane of symmetry, £t
distence from plane of symmetry to inboard end of spoiler, £t
distance from plane of symmetry to outboard end of spoiler, £t

spoiler span, Yo = Vi £t

chordwise location of spoiler on wing measured from wing
leading edge along root chord, £t

mass density of air, slugs/cu £t
free-stream velocity, £t/sec

2
free-stream dynamic pressure, Plzr-—, 1b/eq £t

Mach number
Reynolds number of wing based on ©T
angle of attack of wing, deg

spoliler projection, negative when projected above upper
surface of wing, percent T '

N —
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MODEL AND APPARATUS

The basic wing-fuselsge combination used in this investigation is
the same as that used in reference 3. Dimensional characteristics of the
wing and fuselage are given in figure 2. The wing had a leading-edge
sweep of 60°, an aspect ratio, based on the wing span extending to the
theoretical tip, of 2.31, an NACA 65A003 ailrfoll section parallel to
free stream, and was built of eluminum alloy. For practical considera-
tions the wing tips were rounded as shown in figure 2.

Dimensions and locations of spoilers tested are presented in fig-
ure 3. Spoilers 1 to 4 were of comstant local spen extending from the
fuselage side to 0.67by/2 with various chordwise locations (0.60cy,
0.85c,, 0.93c;,, and 1.00c,). Spollers 5 to 8 had a constant wing-chord
location of 0.85cy: Spoiler 5 extended from the fuselage to O.33bi/2;

spoilers 6 and 7 extended from 0.33by/2 to 0.67b;/2 and from 0.6Tby/2
to 1.00b;/2, respectively; and spoller 8 extended from the fuselage
to 1.00by/2. All spoilers were made of 1/8-inch-thick aluminum angle

and. were attached to the upper surface of the left wing with screvws.
(See fig. 3.)

The model was tested on the sting support of the Langley high-speed
T- by 10-foot tunnel and was mounted on a six-component electrical '
strain-gage balance housed within the fuselage. Aerodynsmic forces and
moments were measured on calibrsted recording potenticmeters.

TESTS AND CORRECTIONS

The tests were made in the TLangley high-speed 7- by 10-foot tunnel
over a Mach number range of 0.60 to 0.9% at 0° angle of sideslip and
over a nominal angle-of-attack range of -2° to 24 « Spollers 1, 2, and
3 were tested at deflections varying fram -0.010¢ to -0.095¢ and
spoller 4 was tested at deflections of -0.010c to -0.050¢. Spollers 5
to 8 were tested at a constant deflection of -0.050¢. Average Reynolds
number for the tests (based on the mean serodynemic chord of the wing)

varied with Mach number from about 4.5 x 108 to 5¢3 X 106 (fig. 4).

Tunnel-blocking corrections, based on the velocity-ratioc methed of
reference 4, were spplied to the dats. Jet-boundary corrections, which
were applied to the angle of atbtack and drag, were determined from '
reference 5. Drag data are presented with no base pressure adjustments
applied to account for the differences in pressure at the base of the
model and that of static free stream.
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The angles of attack were corrected for deflection of the sting-
support system under load. No correctlons were applied to the data of
the present paper to account for aeroelastic deflection of the model
wings under losd. -

RESULTS AND DISCUSSION

A1l aerodynamic coefficlents of this paper are based on the assump-
tion thet the wing span extends to the theoretical tip.

The serodynemic characteristics of the plain 60° delta wing are
presented in figure 5 and table I. (The wing-fuselage model is the same
as that tested and presented in reference 3.) The varistions of incre-
mental rolling-moment coefficient AC; with angle of attack at various
Mach numbers and spoiler deflections are presented in figures 6 to 10
for all spoilers tested. All other incremental serocdynsmic character-
istics, ACp, A4Cp, AC,, AC,, and Aly, as well as AC;, are presented
in tables ITI to IX. The discussion of the present paper will be confined
to the rolling-moment characteristics of the various spoiler configura-
tlons as installed on the wing. (For these tests, with the spoilers
installed on the left wing, negative values of AC; are favorable in

that the negative sign indicates rolling moment in the desired direction.)

Effects of Angle of Attack

For ali spoiler configurations at all projections and Mach numbers
investigated, incremental rolling-moment coefficient AC; increased
negatively or remained generally constant with increase in angle of
attack o up to angles of attack of at least 8 end generally decreased
(increased positively) at the higher angles of attack (fige. 6 to 10).

At an angle of attack of about 12°, an abrupt "bresk" in the curve of
the variation of AC, with o occurred for several spoiler configura-

tions at various Msch numbers. The break is similar to a nonlinearity
obtained with this type spoller on a swept wing and 1s ebttributed to
wing-leading-edge flow separabtion as shown in reference 6.

Effects of Spoiler Chordwise Location

Representative variations of AC; with chordwise location et var-
ious deflections for spollers extending from the fuselsge to O. 67b1/2

are presented in figure 11 for o = 0° and 8. l and Mach numbers of 0.60

B oY
OO
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and 0.90. For spoller chordwlse locations aend deflections which pro-
duce favorable rolllng moments at o =_O°" (figs. 6 to 9), the negative
value of AC; increased linearly with rearward movement of spoiler

positions at M = 0.60 and 0.90. (At a« = 0°, the linear portion of the
curves was extrapolated to the line of no-roll effectiveness (AC; = 0)

to indicate the meximum forward spoiler location which probably will
produce roll at each projection.) As indicated by the intersection of
the extrapolsted curves (dashed line), with the line of no-roll effec-
tiveness at M = 0.60 (fig. 11), a spoiler extending from the fuselsge
to 0.67b1/2 will provide favorable roll at projections of -0.010T and

-0.095¢ if located rearward of 0.88cy and 0.66cy, respectively. At

M = 0.90, it is apparent that favorable roll msy be obtained for a
specific deflection at spoiler locations somewhat more forward than for
M = 0.60. (The relation between control deflection and chordwise loca-
tion in the determinstion of regions of favorable control effectiveness
is also shown in reference T for split flaps on a 48° delta wing.)

J

Effects of Spoller Span and Spanwise TLocation

Presented in figure 12 is the variation at « = 0° of AC; with

spoller span for -0.050C proJjection spoilers located at O.85cr, and
extending from the fuselage to O.35b2/2, O.67bz/2, and l.OObz/E

(spoilers 5, 2, and 8, respectively). At M = 0.60 and M = 0.90, the
negative increase of AC; with increase in spoiler span was generally

linear (fig. 12).

In order to determine the individusl contributions to AC; of var-
ious span segments of a complete span spoiler of -0,050C projection,
spoiler 8 was segmented and tested as spoilers 5, 6, and 7, with spans
of 0.13b3/2, 0.33b;/2, and 0.33b3/2, respectively (fig. 10). The partial-
span spoiler segment, when located in the outboard position on the wing,
(spoiler 7), provided somewhat more linear veriations of AC; with o
at low Mach numbers than when located at the midspan and inboard posi- .
tions (spoilers 5 and 6, respectively). The outboard segment (spoiler 7T)
provided greater negative values of AC; at low angles of attack than
did the inboard and midpoint segments (spoilers 5 and €), but for the
higher angle-of-attack ranges the reverse was true. This trend is the
pame as that obtained at low speeds in reference 1. The incremental
contributions at o = 0° of ACy for spoilers 5, 6, and T were added

to simulate the characteristics of spoilers 2 and 8, respectively, and
the results are plotted with flegged symbols on figure 12. At M = 0.60,
the added incremental contributions of spoilers 5, 6, and T were slightly
less than the values of AC; exhibited for Complete spoilers 2 and 8,
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a condition opposite to that shown in reference 1. At M = 0.90, the
total contributions of the spoiler segments were greater than the values
of ACj; for the camplete spollers (fig. 12).

Effects of Spoiler Projection

The data of figures 6 to 9 have been cross-plotted in f£figure 13 to
show the effects of spoller projection on AC; at o = 0° and 8.1° and
M = 0.60 and 0.90 for a spoiler extending from the fuselage to 0.6Tby /2
at wing-chord locations of 0.60cy, 0.85cy, 0.93cy, and 1.00c,, respec-
tively. Favorable rolling-moment coefficients were produced throughout
the spoiler-deflection range at o« =0° at M = 0.60 and 0.90 only for
spollers located at 0.93cy and 1.00cy (spollers 3 and k). Por a spoiler
location of 0.85c,, (spoiler 2), favorable values of AC; were obtailned
at M = 0.60 only for projections above sbout -0.010¢C. Spoller 1,
located st O.60cr, produced generelly unfavorable values of AC; through-~
out the deflection range at o« = 0° at both Mach mumbers (fig. 13).

(The unfavorsble values of AC,; &t chordwise locations of O.60cr prob-

ably result from the reattachment of flow rearward of the spoiler as
indicated in reference 8. Unpublished data show that incorporation of

a slot behind the spoller aids in preventing flow reattachment , ‘thereby
improving the rolling characteristics of spoilers at such locations.)

At an engle of attack of 8.1° and Mach mumbers of 0.60 and 0.90, favor-
able rolling moments were produced throughout the deflection range at
all wing-chord locations. (The increase in favorsble effectiveness with
increase in angle of attack for spoilers located in forward positions is
also shown in reference 1.)

In the range of favorable rolling effectiveness at a = 0° and 8.1°
and Mach mmbers of 0.60 and 0.90, the value of ACq; increased nega-

tively with spoiler projection. At the higher deflections there wag a
general decrease in the variation of ACj; with spoiler projection,

figure 13.

Effects of Mach Number

The variation of AC; with Mach number for spoilers extending fram
the fuselage to 0.67b; /2 and with wing-chord locations of 0.85cy, 0.93cy,
and 1.00cy, is presented in figure 14 at a deflection of -0.050¢ for
@ = 0° end 8.1°. At o = 0°, the variation of AC; with Mach mumber

varied from a slight linear negative increase throughout the Mach number
range for a spoiler located at 0.85cy to a linear decrease of AC3; with

Mach number for a spoiler located at 1.00c,. The maximum variation of

e o
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AC; with Mach number was about 20 percent. (Similar trends were
obtained for spoilers located on the swept wing of reference 9.) At
o = 8.l°, values of AC; remained generslly constant throughout the
Mach number range for a spoller located at 0.93c, and decreased nega-
tively for spoilers located at O.85cr and 1.00cy.

SUMMARY OF RESULTS

From an investigation to determine the lateral control character-
istics of wvarious spoilers on a thin 60° delta wing with rounded tips
at high subsonic speeds, the following conclusions may be made:

1. Favorable rolling moments were obtalned for a spoller extending
from the fuselage to 67-percent local-wing semispan and located &t or
behind the 85-percent wing-root-chord station and rolling effectiveness
was linearly increased as the spoller position was moved progressively
rearward.

2. At Mach numbers of 0.60 and 0.90, for a spoiler located at
85 percent root chord and deflected -5.0 percent mean serodynamic chord,
rolling effectliveness increased linearly with outward increase of
spoller span.

3. Partisl-span spoller segments of -5.0 percent projection and
85-percent chordwise location, when located outboard on the wing, pro-
vided grester values of incremental rolling-moment coefficient at low
angles of sattack than when located in the midspan and inbosard positions.
At the higher angles of attack the reverse was true.

k. For spoilers located at positions which provided favorable
rolling-moment ccefficlents throughout the angle-of-attack range,
rolling-moment coefficient increased with increase in projection.

5. -At angles of attack between 8° and 120, en abrupt nonlineaxr

variation of incrementel rolling-moment coefficient with angle of attack
generally occurred for most spoller configursations.
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6. The variation of incremental rolling-mament coefficient with
Mach number was dependent upon spoiler chordwise location and the
maximm variation was about 20 percent.

Langley Aeronautical Laborstory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., March 17, 195k.
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TABIE T.- AERODYNAMIC CHARACTERISTICS OF THE PLATN 60° DELTA WING

sztmxﬂmmmuBumaueghmldurﬂmwumﬂ

" G; c G

M B Cy, D Cn i Cn Y

.60 2.05~- «.0810~ . 0099 . 0084 .0008~- 0001~ 00237
.60 00~ «0026~ . 0073 .0006~ 0010~ .0001- «+ 0025
.60 4.09 «.1826 0171 L0231~ .0014- .0001- 20029
.60 g8.21 «.4018 «.0569 -.0455= .0018~ .0001~ « 0048
.60 i2.34 « 6119 «.1259 .0581~ .0083~ «0002 » 0061
.60 16.29 « 8002 « 2220 .05%88- .0019 - .0000- ~.0086
.60 20.35 « 9603 « 3398 .12330- ~.0020- .0000 «.0105
.60 23.38 1.0564 - 4379 . 1406~ 0008~ .0006~ «.0140
.BO 2.06~ «0850~ 0092 0102 0007~ .0000~ .0025
.B0 .00- «0019~ - 0066 . 0009~ 0011 - L0001~ 0016
.80 4.13 2042 0181 .0287~- +0016- .0001- 0028
.80 8.28 + 4384 « 0615 .059C~ ~.0015~ 0002~ . 0048
.80 12.43 « 6237 «»1303 .0699~ .0020- 0000 «0068
.80 16.58 «.8369 « 2345 . 0981 - 0017~ .0001~ 0083
.80 20.63 «+ 93968 « 3390 1236~ 0024~ ».0005~ .0097
.80 23.63 .9688"° «4126 »1494- .0001~- 0030~ «0100 .
.85 2.06~ -.0897~- 0094 .0107 .0007- .0000-~- 0027
.85 .00~ «0003~- . 0067 .0017~ .0009~ .0001~ .0015
.85 4.13 «2096 .0185 0312~ .0014-~ .0001~ 0032
.85 B.30 ~-4513 «.0635 . 0641~ .0017~- .0002~ 0047
.85 12.44 - +6183 «1298 . 0700~ 0015~ .0002-~ «+ 0065
185 16057 08319 .2351 -1087"‘ 10019— .0001- .0085
.85 20.62 + 9142 «3323 .1288- .0021 - .0012- .0096
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TARIE I.- Concluded

0716

¥ dog CL p Cn 41 Y Cy

.90 2.06-| .0927-] .0093 0120 .0008- .0000- | .0025
.90 .00~ | 0002~} .0066 0011-{ .0010~ .0002~- | 0010

\ .90 4.13 .2233 .0196 0360~ .0015- .0001~- | 0024
.90 8.29 L4772 L0673 0793-] .0015- .0002- | .0056
E\.Qo 12.44 .7189 L1502 1238~ | .0015- L0007~ | 0071
- % .90 16.57 L8449 L2416 1255~ | .0018- .0003- | .0080
.94 2.07-| .0940-| .o0o096 0140 .0007- .0000- | .0020
.94 .00-] .0024 .0068 0014~ | .0011- .0001~ | .0010
.94 4.14 L2337 L0207 0411- | .0015~ .0001~- | ,0024
.94 8.28 <4943 0962~ | .0016~ .0004- | 0045
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TABLE TI.- Contimued
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E:a = 0.60¢p; ¥y = 0.3003/2; 7, = 0-671’1/2]

(b) By = -0.025¢.
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| Yawing moment
a g

. = e — ! —

/
Nl

- Lift
fa. \ Pitching moment
(& - ~ -
X (= Drag
Rolling moment
—~
Z
Relative wind

Figure 1.- System of stability axes used. (Positive values of forces,
moments, and angles are indicated by arrows.)
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Wing Geometry

L.E. Sweep 60°
Airfoil section parallel
fo plane of symmetry NACA 654003

(To theoretical tip) (To actual tip)

Area 225 224 sqft
Span 228 215 rr
Mean aerodynamic chord [32 132 ft
Aspect ratio 23! 206
~—[5.79 —
I0BR
| %4
e——3000 —"/
i ¢
i

e 1 —
_;b_\l b ] &

r-— X ——I l

Cr=2369 — l

Theoretical tip

Fuselage Ordinates

rfnrhos)
l' l’lv',u',

X r
) 0
30 439
45 179
75 257
1.50 433
3.00 723
4.50 968
6.00 1183
900 1.556
1200 /.854
1500 2079
1800 2245
2100 2360
2400 2438
2700 2486
20.00 2500
3300 2478
600 24i4
2200 2305
4200 2137
4920 1.650

L.E. radius =0030

Figure 2.~ Generel arrengement of thin 60° delta wing-fuselage model.
(A1l dimensions in inches unless otherwise noted.)
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Spoiler Characteristics

Spoiler| ¢s | csy % ¥ J7 pu b b
7 I/ [4 0/ (] 8/
% ‘b %
(rf) (r) (rr) | (f)
/ 1184 | 0.60 0207 | 030 (0456067 |Q249 0.36
2 1678} .85 .194 20 | .646| 67 | 452 47
3 1836y .93 ./187 .18 | .707 | 67 | 520 49
4 1974\ 100 | 179 16 760 | .67 | .58/ 5/
5 1678 851 .194 20 | 323 33 129 A3
6 678 85| 323 33 | 646 | .67 | 323 .33
7 1678| B5 | 646 67 | 969 | 100 | 323 33
8 1678 | 85| ./194 20 | .969 | 100 | 775 B0
RN - 1
4 2 1’ ya "k
\ -—r -
1421— (Section A-A) '
Spoiler /- Sporiler 2-
==0/0¢ &=-0/0¢
% -025¢ T -0258¢ -
-.050¢ -0 50¢
-035¢ -095¢
DS 1 4)1 L€70f cr - = " - ?‘ : o
'1__ /| 848 !‘—’V"sj ? T g2
b | —4
——2203 _ ———2369—— )
Spoiler3- (Section B-8)  Spoiler 4-
&=-010¢ &=-0/0¢
-025¢ -025¢
-050¢ ~050¢
| L _
LN _ 388(Spoiler 5) ™ T 7 4_!!
L b —
Avlial 388 (Spoiler 6) \J 163
3.88 (Sporler 7,
250 (Spoder 7). - Q—l .
; 20.14 20.14
Spoilers 5,6,and 7 - Sporiler 8-
8, =-050¢ 5=-050¢

Figure 3.~ Details of various spoiler configurations tested on thin

60° delta wing.

(A1l dimensions in inches unless otherwlse noted.)
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60x10°

Reynolds number, R
S
7
)

N
Q

L & .9 /10

(\))

Mach number ,M

Figure 4.~ The variation of test Reynolds number with Mach number.
(Veriations of tunnel temperature account for variation of R
at constant M.)



36 e I NACA RM L5LDOL

M

i

At
TR R L
ghiaiH

4 0 4 &8 [2 /6 20 24
a,deg

Figure 5.- The eerddynamic characteristics of the plain 60° delta wing.
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Figure 6.~ Variation of incremental rolling-moment coefficient with angle of
b
attack for spoller 1 at various projections. cg = O.60cr; Yy = 0.302—7';
Yo = 0.6 32—-
° 2
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Ej By —: 1.
i .
1

L 1‘ —F - = : T T LT
0O 8 16 24 o & 16 24
a,deg a,deg

Figure.7.~ Variation of incremental rolling-moment coefficient with angle of

O.QOb—ZL;
2

attack for spoller 2 at various projections. g = 0.85¢p; y1

b
1
Yo = 0.6T5"

T I- 1 y
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90 a

85 ¢

Q O O O

.80 o

60 o

Figure 8.- Varistion of incrementsl rolling-moment coefficient with angle of
attack for spoiler 3 at various projectiomns. cg = 0.93c.; ¥yq1 = 0.18%1;

b
Yo = 0.67'—21.
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Figure 9.~ Varlation of incremental rolling-moment coefficlent with angle of

Y]

859

attack for spoiler 4 at various projections.

Yo

= 0.6 E-

BRI ATF »

NACA RM L5L4DOL

B "%E?B-E? _2"2

Eﬁlﬂlﬂlﬁmmﬂﬁ“lﬂh
EEJIHEEEE.S‘M@

¥ n =

B0 B

b
‘eg = 1.00c,; yy = 0.1651;
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Spoiler &

Spoiler 6 Spoiler 7

y
2
T
1
b

XN
|

O 6 16 24
. a,deg
Spoiler 2

s B E . "l

&

1T _
6 24 0 & 6 24

e,deg a,deg

54
.90
85
80

.60

[\

Spoifer 8

Figure 10.- Variation of incrementel rolling-moment coefficient with
- angle of attack for spoilers 5, 6, 7, 2, and 8 with various spoiler

spans and spanwise locations.

Cg =

0.8

"

cr; 85 = -0.05082.
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M=60 M=90
O/
R
i A
AC} 0 (0':8./01 HHH H HEH S
i . :: FE Hr
-0/ : +
ST
T
7 dalt.
=02 i
. 5
-0/0¢ o
-025¢ n
a050§ <
-095¢ A
.0/ FERTIE
Xypdd ]:: HiH
46 0 e (@=0°)
H LR HTH
B
a +
-0/ ”
-02 s
60 80 00 60 80 100
C

Figure 1l.- Variation of incremental rolling-moment coefficient wit
chordwise location of spoiler at various spoller deflections. All

spollers extend from fuselage to 0.67.92—7'-.)
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M =090
)
4G
Y
-02
7, 0.5 10
%
2,
b‘/z
M=060
7
AC
¢ _ol
02 :
/) 05 10
%
,
%e

Figure 12.- Variation of incrementsl rolling-moment coefficient with
spoiler span. Flagged symbols indicate values obtained by adding
incremental contributions of spoilers 5, 2, and 8. cg = 0.8sc,;

8g = -0.0508; a = 0°.
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e NACA RM T.54DOL
M=60 | M=.90
.0/ :
AﬂC} o : : (@=8./9 Hh
-0/ B ':,
-02 : .-aE - 1 i
Cs/c’
60 ©
B85 0O
93 ¢
00 A
0/
a6 o (@=0°) =
-0/
<02 :
0 05 _/O ) 05 10
Ss Ss

Figure 13.- Variation of incremental rolling-moment coefficient wit '
spoiler projection at various chordwise lacations of spoller. Al]

spollers extend from fuselage to 0.672—1)
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) - (a= 8./°)
0
a4c;, -0/
2 e
02 =6 7 8 9 10
M c%r
L85 0O
93 <
100 A
' (@=0°)
0
AC, -0/ :
-02 S ]
6 Ve £ 9 1O
M

Figure 1l%.- Veriation of incrementel rolling-moment coefficient with
Mach number for spollers extending from the fuselage to 0.6 b?z
and located at several wing-chord stations. &g = -0.050c.
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